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Abstract 
In this work, an experimental implementation of a chaotic oscillator is proposed. Many works have been proposed in order 
to solve some different interesting problems, such that determining structural damages in materials or for secure 
communications purpose. However, several approaches are in continuous-time, whereas in many cases, the systems are 
desired to be in discrete-time mode and in real time. In this work we present the implementation of one chaotic oscillator 
(Lorenz system) into a simple microcontroller, the implementation consists only of a low cost microcontroller, a few 
resistors and a simple algorithm. The algorithm could be easily modified to add or substitute the chaotic system.  
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1. Introduction 
Chaotic systems are of interest in many fields such as science, engineering, biological systems, chemical 
reactions, etc. For example, chaotic signals are used to excite structures for determining any damages, Moniz 
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et al., 2005 and Moniz et at., 2004. One of the great achievements of the chaos theory is its application in 
secure communication systems. Chaos communication is based on synchronization of chaotic systems under 
suitable conditions. Because different initial conditions generate quite different trajectories, control efforts are 
required for synchronization of coupled chaotic systems. Communication field applications such as signal 
encryption, Larger and Goedgebuer, 2004, are good examples of synchronization of coupled chaotic systems. 
For example, encrypted signals that include actual information carried with a chaotic signal from a transmitter 
side are decrypted from a receiver side to reveal the information by removing the chaotic signal. Chaotic 
signal needs to be identified to remove the chaotic signal. Synchronization of coupled chaotic systems is 
recently being implemented for wide range of such purposes. However, several approaches are for 
continuous-time chaotic systems, Jiang et al., 2003, Carroll and Pecora, 1991, Carroll and Pecora, 1993, 
whereas in many cases, the systems are desired to be in discrete-time mode and in real time. Another 
disadvantage of the actual proposed chaotic systems, is the use of complex algorithms or complex electronic 
systems, for example, Garcia-Lopez et al., 2005, proposed a novel communication scheme, here the circuit is 
composed by a group of analog electronic components that involve, op-amps, resistors, capacitors and diodes. 
Since the perfect synchronization depends on the precisely selection of the oscillator parameters, this kind of 
systems are very difficult to reproduce due to the inherent imperfections of each analog component. 
In this work we present the implementation of a chaotic oscillator into a simple microcontroller. The 
system consists only of low cost microcontroller and few resistors that act as digital to analog converter 
(DAC). Since the microcontroller is programmable in C language, the program can be easily reconfigurable, 
and the system can be used to test different chaotic oscillators (e.g. Chua, Rössler, etc).  
2. Experimental setup 
In 1963 Edward Lorenz, published his famous set of coupled nonlinear first-order ordinary differential 
equations Lorenz, 1963; they are relatively simple, but the resulting behavior is wonderfully complex. From a 
technical standpoint, the Lorenz system is nonlinear, three-dimensional and deterministic. The Lorenz’s 
equations are perhaps ones of the most studied equations in the field of the non-linear systems. Due to this 
reason we choose this system of equations. The normalized equation are given for 
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With the states x(t), y(t) and z(t) and the parameter values p = 10, b = 8/3, and r = 37.5. With this parameter 
values the Lorenz systems remains in chaotic behavior. In order to implement the oscillator into the 
microprocessor, we use the Lorenz’s system in discrete mode, using the Euler method. The equations result 
X(k 1)  X(k)  ts(p(Y (k)  X(k)))                                                           (4) 
Y(k 1)  Y (k) ts(X(K)(r  Z(k)) Y(k))                                                  (5) 
Z(k 1)  Z(k) ts(X(k)Y (k) bZ(k))                                                        (6) 
Here X(k),Y(k), and Z(k) make up the system state, with the same parameters values, and ts = 0.003, is the 
sampling time. 
Figure 1 shows the electronic circuit used to implement the Lorenz oscillator. A microcontroller 
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PIC18F4550 from Microchip®, was used, here the ports B and D of the microcontroller were coupled to R-2R 
ladder resistors network, which are acting as a DAC. The microcontroller and the R-2R DAC were selected 
because they are inexpensive and very simple to configure. The outputs of the DAC were taken from the 
resistors labelled as R9 and R28, and they correspond to outputs x(t) and z(t) of Lorenz oscillator respectively. 
Notice that, the outputs of the systems are in continuous-time, after the ladder resistors network, but it is 
possible to take the output in discrete-time mode. 
 
Fig. 1. Electronic circuit used to implement the chaotic oscillator. 
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#include <p18f4550.h> 
#pragma config PLLDIV = 5 
#pragma config FOSC = HSPLL_HS ,FCMEN = OFF,IESO = OFF, CPUDIV = OSC1_PLL2
#pragma config PWRT = ON,BOR = OFF,BORV = 0 
#pragma config WDT = OFF,WDTPS = 32768 
#pragma config MCLRE = ON,LPT1OSC = OFF,PBADEN = OFF,CCP2MX = OFF 
#pragma config STVREN = OFF,LVP = OFF,XINST = OFF,DEBUG = OFF 
#pragma config CP0 = ON,CP1 = ON,CP2 = ON 
#pragma config CPB = ON,CPD = ON 
#pragma config WRT0 = ON,WRT1 = ON,WRT2 = ON 
#pragma config WRTB = ON,WRTC = ON,WRTD = ON 
#pragma config EBTR0 = ON,EBTR1= ON,EBTR2 = ON 
#pragma config EBTRB = ON 
 
//constants 
float p = 10.0; 
float b = 8/3; 
float r = 30.5; 
float TS = 0.003;  
void main(void) 
{ 
//initial conditions 
float x1 = .1; 
float y1 = -10; 
float z1 = .1; 
 
float x, y, z; 
TRISB = 0x00; 
TRISD = 0x00; 
while(1) 
    { 
    x = x1 + TS*(p*(y1-x1)); 
    y = y1 + TS*(x1*(r-z1)-y1); 
    z = z1 + TS*(x1*y1-b*z1); 
    PORTB = (x+20)*5; 
    PORTD = (z+30)*2; 
     
    x1 = x; 
    y1 = y; 
    z1 = z; 
    }  
} 
Fig. 2. Program code in C18 used to implement the chaotic oscillator. 
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To test the implementation, the code shown in figure 2 was implemented using the C18 compiler from 
Microchip ®, the result of the X(k) and Z(k) variables were routed to port B and D of the microcontroller and 
converted into analog voltage by the R-2R DAC, thus the outputs result x(t) and z(t).   
Lines 1 to 13 are used to configure the operation mode of the microcontroller.  In lines 16 to 19 the 
constants p, b, r are declared and TS of the Lorenz system is initialized. Initial conditions are declared in lines 
23 to 25. Outputs X(k), Y(k), and Z(k) are declared in line 27. The instructions TRISB and TRISD are used to 
configure the ports B and D as digital outputs. After compute the equations, the results were send to port B 
and D.   
The output voltage was digitalized through oscilloscope (Tektronics, series 2000); data were stored in txt file 
for further manipulation. Figure 3 shows the screen capture of the oscilloscope connected to the 
microcontroller.  
 
Fig. 3. Screen capture of Lorenz’s system implemented into the microcontroller. The yellow line corresponds to x(t)  output, and the blue 
line corresponds to z(t) output.  
3. Results and discussions 
Figure 4(a) shows the temporal evolution of x(t); in figure 4(b) the attractor corresponding to x(t) vs y(t) is 
shown.  
   
(a)                                                                                                              (b) 
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Fig. 4. (a) Temporal evolution of  variable X. (b) Attractor of Lorenz’s system, X vs Y. 
Figure 5 shows the bifurcation diagram, the r parameter was varied from 16 to 200, the complex dynamic 
of Lorenz’s oscillator can be observed in this diagram. This result demonstrates that our proposed system can 
reproduce the entire dynamic involved in a Lorenz system.  
 
Fig. 5. Bifurcation diagram of Lorenz’s system for different values of parameter r.  
 
 
(a)                                                                                                       (b) 
Fig. 6. (a) Attractor of  Rössler’s system. (b) Attractor of Chen’s equations.   
Different chaotic oscillators can be implemented by changing the equations inside the code of the 
microcontroller; figure 6(a) shows the attractor of the Rössler oscillator, figure 6(b) shows the attractor of the 
Chen’s oscillator. 
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4. Conclusions 
We demonstrate by using the equations of three different chaotic oscillators in discrete-time mode, that is 
possible to implement a chaotic oscillator into a microcontroller using a simple algorithm. Our results show 
that, the behavior of the proposed systems is in agreement with those reported in the literature. This algorithm 
opens the possibility to study the chaos behavior in real time. The follow step will be to implement complex 
systems, for instance, the coupling of master and slave chaotic systems, where, the problem of synchronization 
in real time can be studied. 
Acknowledgements 
This work was supported by Universidad de la Salle Bajio, under research grant of “9a convocatoría de 
investigadores en consolidación”. 
References 
[1] L. Moniz, J. M. Nichols, C. J. Nichols, M. Seaver, S. T. Trickey, M. D. Todd, L. M. Pecora, and L. N. 
Virgin. A multivariate, attractor-based approach to structural health monitoring. Journal of Soundand 
Vibration 2005; 283:295-310. 
[2] L. Moniz, L. Pecora, J. Nichols, M. Todd, and J. R. Wait. Dynamical assessment of structural damage 
using the continuity statistic. Structural Health Monitoring 2004;3:199-212. 
[3] L. Larger and J. -P. Goedgebuer. Encryption using chaotic dynamics for optical telecommunications. 
Physique 2004; 5:609-611. 
[4] G.-P. Jiang, W. K.-S. Tang, and G. Chen. A simple global synchronization criterion for coupled chaotic 
systems. Chaos, Solitons and Fractals 2003;15:925-935. 
[5] T. L. Carroll and L. M. Pecora. Synchronizing chaotic circuits. IEEE Trans. Circuits and Systems 
1991;38(4):453-456. 
[6] T. L. Carroll and L. M. Pecora. Synchronizing nonautonomous chaotic circuits. IEEE Trans. Circuits and 
Systems 1993;40:646-652. 
[7] J H García-Lopez, R Jaimes-Reátegui, A N Pisarchik, A Murguía-Hernandez, C Medina-Gutiérrez, R 
Valdivia-Hernadez and E Villafana-Rauda. Novel communication scheme based on chaotic Rössler circuits. 
Journal of Physics: Conference Series 2005;23:276–284.  
[8] Lorenz, Edward Norton. Deterministic nonperiodic flow. Journal of the Atmospheric Sciences 
1963;20(2):130–141.  
